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Abstract —During an investigation of Webster’s Dictionary in 
Gorakhpur infested by cellulolytic fungi, Chaetomium globosum 
Kunze has been found as one of the most frequently occurring 
fungi, isolated from all the eight samples 1 . This fungus was 
selected as the test fungus in the present study. Essential oils of 
five plant parts viz. Cinnamomum zeylanicum Bark, Ageratum 
conyzoides Leaf, Aegle mormelos Leaf, Callistemon lanceolatus 
Leaf and Citrus aurantifolia Leaf were extracted by 
hydrodistillation in Clevenger’s apparatus. Antifungal activity 
of volatile essential oils of these plant parts were determined 
in-vitro as per cent mycelia inhibition, by inverted Petri plate 
method. Cinnamomum zeylanicum (Cinnamon) Bark oil was 
found to inhibit the mycelial growth of this fungus completely, at 
the lowest dose. This oil was selected for further studies. The 
minimum inhibitory concentration (MIC) as well as the nature 
of fungitoxicity of the oil were determined. It is concluded that 
this oil can be used as a potent fungitoxicant at the place of 
chemical fungicides used, which deface and destroy the objects 
at which they are applied. 


Index Terms — Cinnamomum zeylanicum bark, essential oils, 
fungitoxicant, Chaetomium globosum, Cellulolytic fungi. 


I. INTRODUCTION 

Plant volatiles exert potent bioregulatory action, 
particularly on microorganisms ' . In recent years, volatile 
constituents of various higher plants many essential oils 
and their constituents, terpenoids and alcohols have shown 
potent fungitoxic activity in their vapors 411 . Use of such 
volatiles for protection of stored foods against fungal 
infestation and also for controlling fungal diseases of crops 
has been suggested 1213 . 

The climatic condition of Gorakhpur is characterized by 
high relative humidity and moderate temperature in most of 
the months (July to March). This climate is suitable for 
microbial biodeterioration of various commodities including 
cultural ones, made of paper, textile, wood and leather. 
Cultural heritage made of paper, textile, wood and leather, 
either movable or immovable, is subjected to biodegradation 
induced by these microbes. Of all the microorganisms, fungi 
are the most active ones in this process 14 . In India, damage to 
cultural properties is enormous due to fungal biodeterioration 
of paper manuscripts and archival materials 15 . A large 
number of fungi are known to degrade paper 16 . A high fungal 
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diversity has been reported in paper from Gorakhpur . 
During an investigation of “Webster’s New International 
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Dictionary of the English Language (Second Edition, 
Unabridged, 1934), 

London” infested by fungi, 15 fungal genera were isolated 
from unglazed papers . Out of these, Chaetomium globosum 
Kunze was one of the most frequent genus isolated from all 
the 8 samples. This fungus was selected as the test fungus in 
the present study. 

Therefore, the present study was undertaken to collect plant 
samples and to test the in-vitro antifungal activity of their 
volatile essential oils against Chaetomium globosum. 


II. MATERIALS AND METHODS 

A. Plant Materials: - 

Five plant parts were collected from local and forest flora or 
obtained from local stockists. These were identified with the 
help of Floras (Hooker, 1872-1897; Duthie, 1960; T.N. 
Srivastava, 1976) and experts. 

B. Extraction of Essential Oils:- 

Essential oils of the five plant parts were obtained by 
hydrodistillation in Clevenger’s apparatus. 

C. Test Fungus:- 

Chaetomium globosum Kunze was selected as the test 
fungus in the present study. 

D. Antifungal Activity of Plant Essential Oils: - 
Antifungal activity of vapors of extracted essential oils was 
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assessed by the inverted Petri plate technique . 



-Medium without oil 

—Inoculum disc 
! Area for vapour diffusion 

Filter paper disc soaked 


with oil 


Fig. I: Inverted Petri plate Technique 

A 5 mm. diameter inoculums disc of the test fungus, cut 
from the periphery of the mycelial colony of a seven day old 
culture, was inoculated on 10 ml. Czapek Dox Agar medium 
in an 80 mm. diameter Petri dish. The dish was then inverted, 
and the requisite amount of oil in 0.5 ml. acetone, soaked on a 
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25 mm. diameter sterile filter paper disc, was placed inside the 
dish on its lid. Sterile distilled water, taken in place of oil in 
0.5 ml. acetone, was used as control. Every experiment was 
repeated ten times and the average of results was recorded. 
The dishes were incubated at 25° + 1 °C, and on day 7 , 
fungitoxicity was recorded as per cent inhibition of mycelia 
growth, calculated by the formula: 

% Mycelial Inhibition = Gc - Gt x i 0 o 

Gc 

Where, Gc = Colony diameter of the control set 
Gt = Colony diameter of the treatment set 

The dose of vapors of essential oils was expressed as ppm 
(parts per million), i.e., parts (volume) of oil per million parts 
of aerial volume inside the Petri dish available for diffusion of 
oil vapor, arbitrarily assuming that the given volume of oil 
volatilizes to produce an equal volume of vapor . 

E. MIC AND NATURE OF FUNGITOXICITY :- 

The most effective oil selected on the basis of its 
fungitoxicity was chosen for its detailed study as minimum 
inhibitory concentration (MIC) and nature of fungitoxicity 19 . 

Minimum Inhibitory Concentration: 

The minimum inhibitory concentration (MIC) was 
determined by observing per cent inhibition of mycelial 
growth of the test fungus by progressively lower doses of oil, 
in the range of 300 - 10 ppm. The minimum dose required for 
100% inhibition (fungistatic/fungicidal) was recorded as the 
MIC. The fungistatic/fungicidal nature of fungitoxicity was 
observed" at the MIC and higher doses for determining the 
minimum lethal concentration (MLC), which was recorded as 
the minimum dose required for fungicidal action. 

Nature of Fungitoxicity: 

For determining the nature of fungitoxicity of essential oil 
vapors, the treatment and control sets were prepared at MIC. 
After 7 days incubation, the mycelial discs were removed 
from the Petri plates and re-inoculated on the fresh medium. 
The presence/absence of mycelia growth in the re-inoculated 
discs, proved the fungistatic/fungicidal nature of the toxicity 
of vapors, respectively. 


III. OBSERVATIONS 



Fig. II: WEBSTER’S DICTIONARY,1934 


infested by fungi 

(Source of the test fungus - Chaetomium globosum) 



Fig. Ill: Deteriorated inner cover of the 

Dictionary 


Fig. IV: Close up of infested inner page 
showing fungal colonies 

Table -1 

Comparative fungitoxicity of essential oil vapours of 
selected plant samples against Chaetomium globosum 


Kunze 


Plant Species 

Per cent Mycelial 
Inhibition of 
Chaetomium 
globosum Kunze per 
Dose of Oil 


100 200 400 
ppm ppm ppm 

Aegle mormelos (L.) Correa 
(Family - Rutaceae) (Leaf) 

79.8 82.0 100 

Ageratum conyzoides L. 

(Family - Asteraceae) 

(Leaf) 

68.2 72.2 100 

Callistemon lanceolatus 

DC. (Family - Myrtaceae) 

Leaf 

66.8 78.4 100 

Cinnamomum zeylanicum 

Breyn (Family - Lauraceae) 

(Bark) 

97.8 100 100 

Citrus aurantifolia 
(Christm.) Swingle (Family 
- Rutaceae) 

(Leaf) 

52.4 69.8 96 
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Table - II REFERENCES 


MIC* and nature of fungitoxicity of Cinnamomum 
zeylanicum Breyn bark oil vapours against Chaetomium 

globosum Kunze 


Concentration 

(ppm) 

Per cent 
Mycelial 
Inhibition 

Nature of 
Fungitoxicity** 

(At MIC) 

10 

52.8 

+ 

20 

84.8 

+ 

50 

94 

+ 

100 

100 

- 

200 

100 

- 

300 

100 

- 


* = Minimum Inhibitory Concentration 

** + = Fungistatic Nature (presence of 

mycelia growth in re-inoculated discs) 

= Fungicidal Nature (absence of mycelia 
growth in re-inoculated discs) 

IV. RESULTS AND DISCUSSION 

Data of Table - 1 reveal that essential oil vapours of all 
the five plants are effective against the test fungus 
Chaetomium globosum Kunze at different doses. However, 
the essential oil vapour of Cinnamomum zeylanicum bark has 
been proved as the most potent one against the test fungus, by 
completely checking its mycelial growth at the lowest dose of 
200 ppm. The least potent oil among those tested, was of the 
leaf of Citrus aurantifolia (Christm.) Swingle, which could 
not completely inhibit the fungal growth even at the highest 
dose of 400 ppm (maximum per cent mycelia inhibition 
recorded was 96%). Consequently, Cinnamomum 
zeylanicum bark oil was selected for further detailed study of 
its fungitoxic properties. 

Data of Table - 2 reveal that minimum inhibitory 
concentration (MIC) of Cinnamomum zeylanicum bark oil 
vapours. It was recorded as 100 ppm dose, at which the oil 
showed fungicidal nature. At 10, 20 and 50 ppm doses also, it 
is effective, but is fungistatic in nature. 

Therefore, the oil of Cinnamomum zeylanicum bark is 
recommended for further detailed study under in- vivo 
conditions to protect our cultural heritage in paper and textiles 
damaged by cellulolytic fungi like Chaetomium globosum 
etc. 
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